Converging evidence from behavioral and neuroimaging studies of human concepts indicate distinct neural systems for taxonomic and thematic knowledge. A recent study of naming in aphasia found involvement of the anterior temporal lobe (ATL) during taxonomic (feature-based) processing, and involvement of the temporoparietal junction (TPJ) during thematic (function-based) processing. We conducted an online magnetoencephalography (MEG) study to examine the spatio-temporal nature of taxonomic and thematic relations. We measured participants' brain responses to words preceded by either a taxonomically or thematically related item (e.g., cottage-castle, king-castle). In a separate experiment we collected relatedness ratings of the word pairs from participants. We examined effects of relatedness and relation type on activation in ATL and TPJ regions of interest (ROIs) using permutation ttests to identify differences in ROI activation between conditions as well as single-trial correlational analyses to examine the millisecond-by-millisecond influence of the stimulus variables on the ROIs. Taxonomic relations strongly predicted ATL activation, and both kinds of relations influenced the TPJ. Our results further strengthen the view of the ATL's importance to taxonomic knowledge. Moreover, they provide a nuanced view of thematic relations as involving taxonomic knowledge.
1. Introduction
Taxonomic vs. thematic concepts
Since at least Inhelder and Piaget (1964) , taxonomic knowledge has been a major focus of the study of human concepts. Many concepts can be structured into taxonomies, in which specific, concrete categories nest within more general superordinate categories: for example, schnauzer-dog-mammal-vertebrate, dining room table-table-furniture-artifact-object, birthday party-partysocial event. Categories that fall within a common superordinate (e.g., all parties) tend to share properties. Furthermore, the nested quality of many such concepts allows one to draw inferences, such as assuming that schnauzers breathe and give birth to live young, even if one has never encountered a schnauzer. Taxonomic categories are generally similarity-based, that is, they have shared attributes. Dogs tend to have four legs, bark, have fur, be pets, and eat meat.
For many years, cognitive psychologists considered taxonomic concepts "real" concepts and other forms of grouping to be the result of immature conceptual systems. For example, children form groupings such as putting a woman with a car because the woman drives the car (e.g., Smiley and Brown, 1979) . Such thematic categories are not based on similarity (i.e., shared features) but on extrinsic relations between two objects. Later research discovered that adults also form thematic categories if the task is structured correctly (Estes et al., 2011; Lin and Murphy, 2001; Murphy, 2001) . Some adult subjects even prefer thematic to taxonomic categories when forced to make a choice.
Markman (1989) made the important observation that thematic relations are not just a primitive form of concept but are an important part of conceptual knowledge. If you want to know what goes on top of a birthday cake, it does not do any good to know the features of cakes or desserts in general -you have to know that candles go with cake. If you see candles, cake, and balloons, you can infer that a birthday party is taking place. Such relations comprise an important part of our knowledge of events and situations but are theoretically separate from taxonomic knowledge in that taxonomic knowledge tells us the properties of a set of objects, whereas thematic knowledge tells us how other categories relate to that set (Murphy, 2010) .
Theoretically, it is unclear whether we store thematic information as part of the same neural network as taxonomic categories. On the one hand, thematic categories have a very different basis. Dogs and leashes may go together (and some people classify them as the same kind of thing), but they do not share properties. 
